Objective: To study the anti-tumor effect and mechanism of parthenolide in gastric cancer cell BGC-823. Methods: The cck8 assay was used to detect the changes of BGC-823 cells viability after treatment with different concentrations of parthenolide at different time points. The proliferation ability of BGC-823 cells was detected by clone formation assay. And the cell cycle and apoptosis were measured by flow cytometry. Meanwhile, to detect the difference in intracellular ROS production levels, the fluorescence assay was used. And with the help of western blotting, cell cycle-and apoptosis-related protein expression can be detected. Results: Parthenolide could inhibit the viability of BGC-823 cells in a dose-and time-dependent manner (P < 0.01). In BGC-823 cells exposed to parthenolide, the apoptosis rate was found significantly increased (P < 0.01), and the protein expression of cleaved-caspase3, cleaved-caspase8, and cleaved-caspase9 significantly increased (P < 0.01); the cell cycle was arrested at G1phase (P < 0.01); the protein levels of CyclinD1 and CyclinE1 decreased (P < 0.01), and the expression of P53 and P21 protein increased (P < 0.01); massive intracellular ROS generation was found (P < 0.01). Furthermore, the nuclear protein levels of c-Myc, E2F1, and NF-κB and the protein level of phosphorylated STAT3 decreased in BGC-823 cells exposed to parthenolide (P < 0.01). Conclusion: Parthenolide may inhibit the proliferation of BGC-823 cells and induce G1-phase cell cycle arrest and apoptosis via inhibiting STAT3-c-Myc-E2F1 axis.
Introduction
Gastric cancer is a malignant tumor originating from the gastric mucosal epithelium. It is one of the most common malignant tumors in the world. The prognosis is relatively poor, which seriously threatens human health [1] . China is a country with high incidence of gastric cancer, with morbidity and mortality accounting for about 50% of the world [2] . The diseased cells of gastric cancer generally appear in the inner layer of the stomach, mostly due to ulcers, and most of the cancer spreads along the stomach wall to form tumors. In China, the status quo of gastric cancer treatment presents a phenomenon of one high and three low: high mortality rate, low early diagnosis rate, low surgical cure rate, low five-year survival rate [2] . But existing treatments fail to achieve the desired results. Therefore, it is urgent to open up new ideas and methods for the research and treatment of gastric cancer. In the past studies of traditional medicine and modern medicine, a pure extract obtained from the geranium germ of the Compositae-parthenolide, shows effective anticancer activity [3] .
Parthenolide (PN) is an important component of sesquiterpenes (SLs) [4] [5] . PN was first proven to have anti-tumor properties in 1973 [6] . These biological properties of PN can be attributed to its strong inhibition of nuclear factor NF-κB and via the NF-κB signaling pathway [7] . PN can also achieve its anti-tumor effect by blocking the binding of STAT-3 and STAT-1 to regulatory elements in DNA [8] . Oxidative stress refers to the state of the cells in which the production of reactive oxygen species (ROS) is increased or the function of the antioxidant defense system is impaired [9] . The intracellular redox state is the result of a precise balance between oxidative stress and the endogenous thiol buffer system [9] . However, many cancer therapeutics are actually apoptosis inducers, because they can destroy the intracellular thiol buffer system by eliminating or redistributing GSH, thereby destroying the redox balance [10] . Therefore, an imbalanced intracellular redox state triggers downstream cellular events leading to apoptotic cell death [11] . According to some studies, PN can increase the level of ROS production in tumor cells, thereby making it progress to cell death [12] .
In this study, we investigated the anti-tumor effect of PN in gastric cancer cell line BGC-823. At the same time, it explains and proves this effect in the perspective of inducing apoptosis and cycle arrest. And found that the mechanism of this anti-tumor effect may be that the PN increases the level of intracellular oxidative stress, thereby inhibiting the downstream STAT3-c-myc-E2F1 signal transduction pathway, so as to increase the total apoptosis rate and block the cell cycle; ultimately, it inhibits gastric cancer cells.
Materials and Methods

Material
Cell source: The human gastric cancer cell line BGC-823 is provided by the National Cell Resource Center. an inverted microscope and cell colonies with >50 cells or more were counted. The experiment was in duplicate and repeated at least twice.
Cell Cycle Assay
The cells were harvested and washed in PBS before fixation in cold 70% ethanol analyze the cell population for cell cycle changes (BD, USA).
Cell Apoptosis Assay
Annexin-V-FITC/PI apoptosis detection kit was used to detect the apoptosis of 
Determination of Intracellular ROS
Dilute DCFH-DA in serum-free medium at 1:1000 to a final concentration of 10 μmol/L. Remove the cell culture medium and add the appropriate volume of diluted DCFH-DA. Incubate in a 37˚C cell incubator for 20 minutes. The cells were washed three times with serum-free cell culture medium to fully remove DCFH-DA that did not enter the cells. ROS production levels are detected by fluorescence microscopy.
Western Blot
Collecting protein samples and determines the protein concentration of each protein sample. The SDS-PAGE gel was configured and loaded for electrophoresis. After the electrophoresis is finished, the film is transferred by semi-dry method. The PVDF membrane was immersed in a TBST blocking solution containing 100 g/L skim milk powder for 1 h at room temperature. Prepare primary antibody dilution (1:1000) with 5% BSA in TBST solution and incubate overnight at 4˚C shaker. Incubation with HRP-labeled secondary antibody dilution
(1:2000) is for 2 h at room temperature.
Statistical Analysis
The experimental data were analyzed by SPSS17.0 software. The data was first tested for normality and homogeneity of variance. The results were expressed by ( x ± s). The differences between groups were compared by One-Way ANOVA. The pairwise comparison was analyzed by t test. P < 0.05 was considered statistically significant.
Result
PN Causes Morphological Changes in BGC-823 and Reduce Cell Viability
Under light microscopy, the gastric cancer cells in DMSO group have clear morphology and good adherence; In PN treated group, the BGC-823 shrink in size, the cell membrane shrinks and ruptures, and the cells die in a large area (Figure 1(a) ). The experimental results show that PN can inhibit the viability of gastric cancer cell line BGC-823, and the inhibitory effect increases with the increase of concentration and treatment time. There were significant differences between the two groups at each concentration and time (F (concentration) = 920.9, P < 0.01; F (time) = 100.9, P < 0.01; F (interaction) = 59.29, P < 0.01) (Figure 1(b) ).
PN Inhibits the Proliferation of BGC-823
The number of cell colonies decreased with increasing concentration of PN treatment. It indicated that PN can inhibit the proliferation of BGC-823 cells. The number of colony decreased as the concentration of PN increased ( Figure   2(a) ). This indicates that PN could inhibit the proliferation of gastric cancer cell line BGC-823, and with the increase of concentration, the cell proliferation ability tends to decrease. The concentration of PN treated group and DMSO group are significantly different (F = 312.6, P < 0.01) (Figure 2(b) ).
PN Can Cause Cycle Arrest of BGC-823
As shown in Figure 3(a) , the green part is the S phase, the blue-violet part is the G1 phase, and the red part is the G2 phase. The S phase of the PN group was shortened and the G1 phase was prolonged, that is, the cell cycle was arrested at the G1phase. At the same time, the statistical results are also displayed. In the PN treated group, the S phase of gastric cancer cells was shortened and the G1 phase was prolonged, which was statistically significant compared with the DMSO group (G1 phase: t = 4.216, P < 0.05; S phase: t = 7.443, p < 0.01) ( Figure   3(b) ).
PN Can Induce Apoptosis in BGC-823
Annexin-V+PI double staining method was used to detect the effect of PN on apoptosis in BGC-823. Annexin-V positive cells were apoptotic cells in the right two quadrants. The statistical results showed that the apoptosis rate of PN treated group was significant. The increase was statistically significant compared with the DMSO group (t = 27.57, P < 0.01), PN induced apoptosis in BGC-823
( Figure 4(a) ). And the same result was observed under a fluorescence microscope, and the red and green fluorescence of the PN treated group was significantly enhanced compared with the DMSO group (Figure 4(b) ).
PN Can Cause an Increase in the Level of ROS Production in BGC-823
Cytofluorescence assay was used to detect the effect of PN on the induction of showed that compared with the DMSO group, the green fluorescence intensity and number of the PN treated group increased significantly, and the difference was statistically significant (t = 10.92, P < 0.01). This indicates that PN can induce an increase in the level of ROS production in BGC-823 ( Figure 5 ).
PN Can Cause Cycle-Related and Apoptosis-Related Protein Levels in BGC-823
The results showed that PN (17.5 μM) could decrease the total protein levels of CyclinD1 (F = 159.4, P < 0.01) and CyclinE1 (F = 25.40, P < 0.01) in gastric cancer cell line BGC-823, and make P53 (F = 53.74, P < 0.01), P21 (F = 73.03, P < 0.01), the total protein level increased, and the difference was significant compared with the DMSO group, which was statistically significant. This is consistent with the PN shown by the flow cycle results that the cell cycle is arrested in the G1 phase. In addition, we also studied the apoptosis-related proteins caspase3, caspase8 and caspase9, and found that the cleaved cleaved-caspase3 (F = 2024, P < 0.01), cleaved-caspase8 (F = 228.1, P < 0.01), and cleaved9 (F = 241.1, P < 0.01) increased, which was also statistically different from the DMSO group. This is consistent with the increase in apoptotic rate as shown by the results of the Annexin-V+PI double staining method ( Figure 6 ).
The results showed that PN (17.5 μM) could make c-Myc (F = 306.9, P < 0.01), E2F1 (F = 1067, P < 0.01) and NF-κB in the nucleus of gastric cancer cell line BGC-823. The protein level of (t = 8.72, P < 0.01) was decreased, and the total protein level of STAT3 was unchanged and the protein level of p-STAT3 (t = 9.148, P < 0.01) decreased. The difference was statistically significant compared with the DMSO group (Figure 7 ). 
Discussion
A large number of previous studies have shown that PN has anti-tumor effects in Open Access Library Journal a variety of tumors [13] . The role of PN in gastric cancer is rarely reported. In this study, it was found by CCK-8 that PN can effectively inhibit cell viability in BGC-823, and the inhibitory effect increases with the increase of its concentration and treatment time, and the inhibitory effect of PN on gastric cancer cells is preliminarily proved.
In cell death, apoptosis plays a very important role, so we investigated whether PN can induce apoptosis in BGC-823 cells. The results of Annexin-V+PI double staining flow test showed that the total apoptosis rate of BGC-823 cells increased after PN treatment, which indicated that it could induce apoptosis in BGC-823.
We further examined the expression of apoptosis-related proteins. A series of caspase cascade activation is a very important step in Fas-induced exogenous apoptosis [14] , in which caspase-8 activation is the first step, and activated caspase-8 triggers downstream caspase-9 and caspase-3 activation [15] . Caspase-3 is a key enzyme in apoptosis. Once activated, a downstream cascade occurs, making apoptosis inevitable [16] . This study found that after PN treatment of BGC-823, caspase8, caspase9 and caspase3 splicing protein levels increased significantly with increasing treatment time, indicating that PN induced exogenous apoptosis in BGC-823 [17] .
In addition, cell cycle arrest also plays an important role in the upstream factors that induce apoptosis. A number of reports have revealed that PN can cause apoptosis by inducing cell cycle arrest [18] . The PI single-staining experiment
showed that the proportion of G1 phase of BGC-823 cells in PN treatment group was significantly increased, and the proportion of S phase was significantly decreased. This indicates that PN can block the cell cycle of BGC-823 in G1 phase.
We further examined the expression of cell cycle-associated proteins. When the chromosomal DNA of the cell is damaged, P53 binds to the corresponding part of the DNA and acts as a special transcription factor [19] , which activates p21 transcription [20] . In the present study, we found that the total protein levels of BGC-823 cell cycle inhibitory regulatory proteins P21 and P53 are elevated after PN treatment, and multiple Cyclin-CDK complexes bind to P21 and inhibit the corresponding protein kinase activity [21] . At the same time, the experimental results showed that the total protein levels of the cell cycle-promoting regulatory proteins CyclinD1 and CyclinE1 were decreased, which also proved that the treatment of PN caused G1 arrest of its cell cycle.
Moreover, elevated levels of intracellular ROS production play a key role in the initial stage of cell death, causing oxidative stress, leading to cell death including apoptosis [10] . This study found that the level of ROS production in BGC-823 was improved after PN treatment. This suggests that PN may induce apoptosis by inducing ROS production in BGC-823.
Finally, we screened some upstream protein molecules related to apoptosis of gastric cancer cells to explore the mechanism of PN-induced apoptosis in gastric cancer cell line BGC-823. According to previous studies, the anti-tumor mechanism of PN includes NF-κB, JAK/STAT and MAPK/ERK signaling pathways Open Access Library Journal to S phase and inhibit cell proliferation [26] . Moreover, E2F1 has a synergistic effect with c-Myc. E2F1 has been confirmed as a target gene of c-Myc, which can reduce the expression of c-Myc by down-regulating E2F1, thereby inhibiting the proliferation of tumor cells [27] . The results of this study showed that the protein levels of c-Myc, E2F1 and NF-κB in BGC-823 cells decreased after PN treatment. Moreover, studies have shown that the STAT3 signaling pathway may be involved in the regulation of c-Myc expression [28] . In normal cells, STAT phosphorylation is transient, and in many cancer cell lines or in primary tumors, STAT3 is continuously phosphorylated [29] , becoming an activated transcription factor activation form, entering the nucleus and binding to target genes.
Promote its transcription [30] . The results showed that the STAT3 phosphorylation was decreased, indicating that PN can block the phosphorylation of STAT3, thereby preventing its entry into the nucleus. This result is consistent with the results of studies in a variety of tumor cell lines, suggesting that PN may exert its anti-tumor effect in BGC-823 by inhibiting STAT3-c-Myc-E2F1 cascade.
Conclusion
PN has obvious cytotoxic effect in gastric cancer cell line BGC-823, which increases with does and time of action. This effect is induced by ROS production, G1 arrest and cell apoptosis in BGC-823 cells.
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